Background/Aims: Hospitalized patients with Crohn's disease (CD) can develop severe nutritional deficits. However, the nutritional screening tools with the most utility for such patients are still unknown. Methods: Nutritional status of 40 CD patients was assessed on admission using several screening tools and laboratory tests. Their validity was evaluated in relation to length of hospital stay (LOS) and intestinal resection. Receiver operating characteristic analysis was performed to predict prolonged LOS (≥28 days). Results: Prolonged LOS was correlated with each of the following screening parameters: Subjective Global Assessment, Nutrition Risk Screening 2002 (NRS 2002), Onodera's Prognostic Nutritional Index (O-PNI), Controlling Nutritional Status, serum albumin level, and weight loss. These parameters were not correlated with intestinal resection. Evaluation of prognostic yield showed cutoff values of serum albumin 3.3 g/dL (AUC 0.797, sensitivity 57.1%, specificity 89.5%) and O-PNI 36.5 (0.749, 71.4%, 73.7%). By combining the serum albumin cutoff value and NRS 2002 score, patients were divided into 4 groups, with a prolonged LOS rate of 68.2% in the group with the worst prognosis. Conclusions: A combination of serum albumin (given the simplicity of testing) and NRS 2002 as nutritional screening tools may be useful for hospitalized CD patients.
Introduction
Crohn's disease (CD) is a chronic inflammatory disorder of the digestive tract of unknown etiology. Genetic and environmental factors have been associated with the pathogenesis of CD [1] [2] [3] , but the precise mechanisms remain unclear. Clinical features of CD include diarrhea, abdominal pain, weight loss, and other abdominal symptoms due to bowel obstruction. Patients also have various nutritional and metabolic disturbances. Among hospitalized CD patients, 20-70% show emaciation [4, 5] and approximately 75% are undernourished [6, 7] . Furthermore, a reported 41% of hospitalized CD patients were evaluated as being severely malnourished based on the Subjective Global Assessment (SGA) of nutritional status Ann Nutr Metab 2017;71:266-272 DOI: 10.1159/000485637 [8] . Nutritional support is therefore essential for CD patients.
At admission, it is important to evaluate the nutritional status of CD patients because instituting nutritional intervention early is essential, particularly for malnourished patients. However, there is no standard tool for evaluating nutritional status in CD patients. Various nutritional screening tools have been developed, including the SGA, Malnutrition Universal Screening Tool (MUST), and Nutritional Risk Screening 2002 (NRS 2002) . The SGA was developed in 1982 [9, 10] , and in 2004, the SGA score was reported to be correlated separately with serum albumin level, total lymphocyte count, and total cholesterol level [11] . The European Society for Clinical Nutrition and Metabolism guidelines [12] recommend the MUST [13] for nutritional evaluation of adults in the community and the NRS 2002 [14] for detection of undernutrition and the risk of its development in hospital settings. In addition, Onodera's Prognostic Nutritional Index (O-PNI) and Controlling Nutritional Status (CONUT) are nutritional screening tools used as objective nutritional indexes. The validity of the O-PNI, which comprises serum albumin level and total lymphocyte count, was first reported to predict prognosis in 189 gastrointestinal surgical patients [15] . The CONUT was originally reported as a screening tool to assess nutritional status, and its score consists of 3 parameters -serum albumin, cholesterol, and total lymphocytes -each of which can be easily calculated [16] .
These nutritional screening tools have been reported to be useful for predicting prognosis in conditions such as chronic kidney disease [17] and chronic heart failure [18] . To our knowledge, the present study is the first to report a relationship between nutritional screening results and prognosis of hospitalized patients with CD.
Patients and Methods

Patients
A total of 40 patients with CD who were admitted to the Gastroenterology Unit of Shiga University of Medical Science Hospital between June 2011 and July 2016 were enrolled this study. The Ethics Committee of Shiga University of Medical Science approved this study. All diagnoses of CD were established using radiological, endoscopic, histological, and clinical criteria.
Methods
The following values were measured on admission: (1) anthropometrics -height (cm), weight (kg), body mass index (BMI; kg/ m 2 ); (2) nutritional screening tools -SGA [9, 10] , MUST [13] , NRS 2002 [14] , O-PNI [15] , and CONUT [16] ; (3) laboratory testslevels of total protein (g/dL), albumin (g/dL), total cholesterol (mg/dL), triglycerides (mg/dL), hemoglobin (g/dL), C-reactive protein (mg/dL), and total lymphocyte count (cells/mm 3 ); and (4) activity index -Crohn's Disease Activity Index (CDAI) [19, 20] . The validity of these screening tools was evaluated separately in relation to intestinal resection and length of hospital stay (LOS).
Nutritional Screening Tools
The SGA questionnaire covers the patient's history and physical examination. History includes weight loss, changes in food intake, gastrointestinal symptoms, functional capacity, and underlying disease. Physical examination includes muscle mass, subcutaneous fat, presence of edema and ascites, and the clinician's overall assessment of the patient's status. Patients are classified as well nourished, moderately malnourished, or severely malnourished [9, 10] .
The MUST evaluates 3 independent criteria: BMI, loss of body weight, and acute disease-effect score. Patients are classified by the total of each score as low risk, medium risk, or high risk [13] .
The NRS 2002 consists of an initial and a final screening. The final screening involves completing a questionnaire covering nutritional score (loss of body weight, BMI, and food intake), severity of disease score, and age adjustment for patients aged >70 years. Patients are classified based on the total of each score as being with or without nutritional risk [14] .
The O-PNI is calculated as 10 × albumin (g/dL) + 0.005 × total lymphocyte count per cubic millimeter [15] . The CONUT assigns scores for serum albumin, total lymphocyte count, and total cholesterol [16] .
Statistical Analyses
Statistical analyses were performed using the chi-square test when appropriate. Correlation was investigated using Spearman rank correlation tests. Receiver operating characteristic (ROC) curves were plotted to compare the capability of each clinical variable to predict prolonged LOS (≥28 days). Results are presented as median (25-75%), and a p value of <0.05 was considered statistically significant. All statistical analyses were performed using SPSS version 22 (SPSS, Inc., Chicago, IL, USA). Table 1 shows the patient characteristics. Of the total 40 patients, 17 patients (42.5%) had mild disease (CDAI <220) and 23 patients (57.5%) had moderate to severe disease (CDAI ≥220). It was shown that 14 patients (35%) had BMI <18.5 kg/m 2 . The reasons for admission were as follows: exacerbation of disease, 16; abscess formation, 14; ileus, 7; and bleeding, 3.
Results
Basic Patient Characteristics
Prevalence of Malnutrition
Based on the SGA as a screening tool for malnutrition, 37.5% of patients were categorized as being severely malnourished. Based on the MUST, however, 60% of DOI: 10.1159/000485637 patients were classified as being at high risk of malnutrition. According to the NRS 2002, 67.5% of patients were classified to be at risk, almost the same frequency as determined by the MUST. Loss of body weight over a 6-month period was 6.1% (2.3-12.5%). According to the O-PNI, 72.5% of patients were considered to be high risk, and the median score was 36.5 (31.9-40.7). From evaluation by the CONUT, 25% of patients were considered severely malnourished, and the median score was 6.0 (3.3-8.8). Table 2 shows the relationship between nutritional status as determined by the various screening tools on admission and intestinal resection. There was tendency toward, but no significant relation between, intestinal resection and SGA score, serum albumin level, total cholesterol level, O-PNI score, or CONUT score.
Relationship of Nutritional Status with Intestinal Resection and LOS
As shown in Table 3 , significant differences in nutritional status were found between patients with LOS ≥28 days (prolonged LOS group) and those with LOS <28 days (non-prolonged LOS group). When using the SGA or NRS 2002 for screening, malnutrition was significantly related to prolonged LOS. When using the MUST, there was a tendency toward, but no significant relation between, nutritional risk and prolonged LOS.
In addition, the nutritional parameters serum albumin, O-PNI score, CONUT score, and loss of body weight were correlated with LOS. To evaluate the prognostic yield, ROC curves were plotted for prolonged LOS (Fig. 1) . As shown in Table 4 , the cutoff values for serum albumin (sensitivity 57.1%, specificity 89.5%) and the O-PNI (sensitivity 71.4%, specificity 73.7%) were classed as moderately accurate parameters.
By combining the serum albumin cutoff value and NRS 2002 score, patients were divided into 4 groups (Table 5). The prolonged LOS rate was 68.2% in the group with the worst prognosis.
Discussion
To our knowledge, this is the first study to report on the utility of several nutritional screening tools for hospitalized CD patients. We examined the usefulness of these nutritional tools from the viewpoint of intestinal resection rate and LOS. Our findings show that both the SGA and NRS 2002 were significantly related to prolonged LOS and are better screening tools than the MUST for CD patients.
Several studies have demonstrated a relationship between nutritional screening tools and prognosis. Stenvinkel et al. [17] reported that mild to moderate malnutrition, as assessed by the SGA, was present in 39% of patients with end-stage renal disease and predicted outcome independently of age and comorbidity in both males and females. Furthermore, another report stated that SGA was an excellent predictor of outcome in patients undergoing liver transplantation [21] . Conversely, Tevik et al. [18] found that the incidence of complications and the median LOS were significantly higher in patients with NRS 2002 scores ≥3, concluding that the NRS 2002 was a reliable screening tool in their sample of hospitalized patients with chronic heart failure. Moreover, multivariate analysis conducted by Tsaousi et al. [22] highlighted limited autonomy in everyday activities, MUST score, and artificial nutrition as the most powerful predictors of pressure ulcers. Lomivorotov et al. [23] reported the prognostic value of different nutritional screening tools -SGA, NRS 2002, MUST, Mini-Nutritional Assessment, and Short Nutritional Assessment Questionnaire -in patients undergoing cardiopulmonary bypass. In their study, both the MUST and Mini-Nutritional Assessment had independent predictive value with regard to postoperative complications. Our study, however, showed a significant relationship between LOS and the SGA or NRS 2002, but only a tendency toward a relation toward, and not a significant relation with, the MUST. Unlike the SGA and NRS 2002, the MUST does not assess changes in food intake. Given that many hospitalized CD patients have reduced intake, which results in loss of body weight, the MUST may not be a useful screening tool for CD patients. Furthermore, Csontos et al. [24] reported that the MUST did not provide sufficient information to enable selection and follow-up of potentially at-risk CD patients in outpatient care. Recently, Velasco et al. [25] used various nutritional screening tools to assess hospitalized patients and found relatively good agreement between the SGA, MUST, and NRS 2002. Not only the SGA and NRS 2002 but also the MUST need to be validated in larger samples of hospitalized CD patients by a multicenter study, because the number of CD patients from just a single hospital is limited in Japan.
Our results showed definite relationships between LOS and serum albumin, O-PNI, CONUT, and loss of body weight. Also, ROC analysis identified both serum albumin level and O-PNI score as good parameters for predicting prolonged LOS. Sachlova et al. [26] reported that the O-PNI provided significant prognostic value for survival in patients with metastatic or recurrent gastric cancer. In our study, in addition to serum albumin, the O-PNI was a good predictor of prolonged LOS. The O-PNI is calculated using the serum albumin level and total lymphocyte count. However, total lymphocyte count was not correlated with prolonged LOS in our study. Therefore, we surmise that the O-PNI and serum albumin are equivalent predictors. However, considering simplicity of screening, serum albumin is preferable for CD patients.
The significance of serum albumin as an indicator of nutritional status is controversial because the serum albumin level is affected by intravenous fluids and dehydration. Although our serum albumin levels did include data obtained from patients with dehydration or those transferred from the other hospital, our results showed a correlation between serum albumin levels and LOS. In line with our results, some studies have reported a relationship between serum albumin and prolonged LOS. El-Hussuna et al. [27] found that low preoperative albumin correlated with longer LOS in CD patients. Castillo et al. [28] reported that NRS 2002 score >5 and serum albumin <2.5 g/dL were the most significant variables associated with mortality and prolonged LOS. However, patients with various diseases were enrolled in their study. In our study, the serum albumin cutoff value for prolonged LOS (≥28 days) was 3.3 g/dL. We also investigated the relationship of serum albumin level with the SGA, MUST, and NRS 2002. We found that 53.8% of patients with serum albumin <3.3 g/dL were categorized as well-nourished or moderately malnourished when using the SGA. When using the MUST, 30.8% of these patients were assessed as low risk or medium risk. On evaluation by the NRS 2002, only 15.4% of these patients were classified as being without nutritional risk (data not shown). Furthermore, examiner training may be necessary to improve competency before using SGA properly. NRS 2002 is more rapid and requires less examiner training than the SGA [25] . Taking into account the simplicity, a combination of serum albumin and NRS 2002 is very useful and an excellent nutritional manner for hospitalized CD patients. By combining the serum albumin cutoff value and the NRS 2002 score, the prolonged LOS rate was 68.2% in the group with the worst prognosis. From these results, NRS 2002 score and serum albumin level appear to be simple and useful predictors of prolonged LOS in hospitalized patients with CD.
Our study has limitations because of it being a single center study and of retrospective nature. First of all, the number of patients enrolled in this study is limited; hence, the significance of each parameter should be confirmed in the prospective multicenter study. Secondly, despite comparing LOS, the severity and treatment varies depending on the case. This is a small number study, and we suggest that further multicenter studies be carried out in the future to overcome these limitations.
Conclusion
The SGA and NRS 2002 were reliable screening tools for prolonged LOS in hospitalized patients with CD. In addition, serum albumin level and O-PNI score were good predictors of prolonged LOS. When taking simplicity of screening into account, serum albumin level is a better predictor of prolonged LOS in CD patients. We conclude that a combination of the NRS 2002 and serum albumin level may be useful for nutritional screening of hospitalized patients with CD.
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